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VCS  Akmal et al
BHF+3h lines  Baldo et al
FIG. 1: The energy per nucleon in pure neutron matter as
a function of the Fermi momentum for the T -matrix (dotted
line) and the BHF (solid line) calculations using the Paris po-
tential. The dotted line represents the results of a variational
chain summation [3] and the dashed-dotted line the results
of a BHF calculation with 3 hole-lines contribution [17], both
for a two-body Argonne V18 interaction.
lines diagrams [17] are also shown. Both methods are us-
ing a two-body Argonne V18 potential and give similar
results. As shown in Ref. [17] the continuous BHF results
are almost indistinguishable from the full BHF calcula-
tion with 3 hole-lines contributions included. Therefore,
the dierence between our BHF result (solid line in Fig.
1) and the variational or next order BHF results must be
attributed to a dierent interaction used, and to the lim-
ited number of partial waves taken. The T -matrix energy
per particle is larger than obtained in other approaches.
Most importantly it is signicantly larger than the con-
tinuous BHF calculation with the same interaction. It
indicates that the T -matrix calculation does not give the
correct energy per particle at higher densities.
For the analysis of superuidity, we use the spectral
function obtained in the T -matrix calculation. As noted
above, the T -matrix approach gives reliable results for
the single-particle properties in the medium. The eec-
tive mass in our calculation decreases from 1:07 to 1:02
nucleon masses with increasing density, which is only
about 0:05 more than the corresponding BHF eective
mass.























V (p; k)(k) (3)
where A
s
(p; !) denotes the spectral function of the nu-
cleon, including the diagonal self-energy (p; !) (ob-
tained in the T -matrix approximation) and the o-
diagonal self-energy (p) (obtained from Eq. (3) itself);
A(p; !) is the spectral function of the nucleon dressed
with the diagonal self-energy only. Self-energy eects in
the gap equation were studied in a number of papers
[18, 19, 20, 21]. It was found that generally the super-
uid energy gap is reduced by the in-medium dressing of
nucleons. The mechanism of this reduction can be under-























which is obtained as the quasiparticle limit of the gap




































The usual BCS equation is obtained by putting Z
p
= 1
in the above equations. In that case, the only inuence




Dispersive self-energy corrections to the gap equation
are twofold. First, the superuid energy gap is multiplied
by the quasiparticle strength Z
p
F
< 1 (5), and second,
the interaction strength in the gap equation is reduced




(4). In the case of symmetric nuclear
matter at normal density the reduction of the superuid
gap due to self-energy eects is of about one order of
magnitude [21].





pairing in neutron matter for two




gap dierent interaction potentials lead to similar
superuid gaps [4]. We recall that the spectral functions
and the single-particle energies used in the gap equation















) CD-Bonn, BCS gapCD-Bonn, dressed gap eq.
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superuid energy gap in neutron matter,
for the CD-Bonn interaction in the BCS approximation (solid
line), from the gap equation with dressed propagators (3)
(dashed line), and from the eective gap equation (4) (dashed
line with stars); and for the Argonne V18 interaction in the
BCS approximation (dashed-dotted line), from the gap equa-
tion with dressed propagators (3) (dotted line), and from the
eective gap equation (4) (dotted line with stars).
in the normal phase. We nd the Z
p
factor at the Fermi
momentum ' 0:9 for the range of densities studied. It
is close to the one obtained from the BHF calculation
without rearrangement terms [20]. The rearrangement
terms in the BHF approach reduce this value further [20]
(the T -matrix result includes the rearrangement contri-
bution to the self-energy). We nd a smaller Z factor
than the authors of reference [19]. The obtained values
of Z
p
translate directly into the resulting superuid gap,
which we nd in between the results of Refs. [19] and
[20]. The average reduction factor is 0:7 in the region of
the maximal gap. The eective gap equation (4) is an
excellent approximation to the solution of the gap equa-
tion with full spectral functions (3). It is due to the fact
that in this region of densities, the gap equation kernel is
dominated by contributions close to the Fermi momen-
tum, where the quasiparticle limit applies. We could not
perform the self-consistent T -matrix calculation at den-
sities below 0:016fm
 3
; the expected disappearance of
self-energy eects in the gap equation at low densities
could not be explicitly demonstrated. This is in con-
trast to the results for the energy per particle where the
BHF approach and the self-consistent T -matrix calcula-
tion merge at low density [24] (Fig 1).
In the gap closure region the ratio of the BCS gap to
the gap obtained with dressed propagators is large. Such
a strong reduction of the gap was found in symmetric
nuclear matter at normal density [21], which is close to








gap. Also the eective
gap equation (4) and the gap equation with full spectral
functions (3) give markedly dierent results.
In summary, we study pure neutron matter using the
in-medium T -matrix approximation. We present a com-
parison of the energy per nucleon for neutron matter in
the BHF and T -matrix approaches. We nd similar bind-
ing energies at low densities, but a stier equation of state
for the T -matrix calculation at higher densities. This is
an explicit conrmation of the expected similarities and
discrepancies between the two approaches.
We use self-consistent spectral functions in neutron
matter to calculate the superuid gap from the gap equa-
tion with dressed propagators. This allows us to test the
accuracy of the eective gap equation (4), which incor-
porates to some extend self-energy eects. Using full
spectral functions, we nd, in the maximal gap region, a
reduction of the gap of about 30% and a very good agree-
ment with the eective gap equation. In the gap closure
region, we nd a stronger reduction. In this region the
eective gap equation (4) is a less reliable estimate of self-
energy eects. It should be remembered that also other
in medium eects modify the superuid gap in neutron
matter [25, 26, 27, 28].
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